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Abstract The taxonomic position of the monotypic conifer Pilgerodendron uviferum[] an endemic 
species in southern South Americall has been disputed on the basis of phylogenetic analysis using 
molecular data. These results suggest that P. uviferum is a species of Libocedrus. Phylogenetic 
analysis using morphological data appears to uphold its separate status. Characters of leaf cuticles 
are investigated and compared between four related genera including Pilgerodendron and further dis- 
tinctions between these are reported. The merits of these conflicting data sets for the taxonomy of the 
genus Libocedrus s.l. are discussed. It is concluded that the evidence for a merger of Pilgeroden- 
dron with Libocedrus is weak and that both morphology and biogeography support the separation of 
the two genera. 

Key words Cupressaceae[] Pilgerodendron uviferuml] leaf cuticlell Florin ring. 


The original description of this conifet) by D. Don in Lambert[] 1828] Pilgerodendron uvifer- 
um[] was not accompanied by an illustration and its author classified it in Juniperus L. naming it J. 
uvifera D. Don. Hookek] 1844[] described it as a new species Thuja tetragona Hook. but had some 
notion of its true identity[]” Yet there is described by Mr. Don... a juniper{] J. uvifera Lamb. 
Pin.[]... and[] were it not that the fruit is described as that of a true juniperL] I should consider the 
two plants to be the same”. We now know(] of coursel ] that there are no species of Juniperus native 
to South America. When Endlicher{] 1847[] erected the genus Libocedrus he included among its 
three species L. tetragonal] Hook.[] Endl. which is now Pilgerodendron uviferuml] D. Donl] 
Florin. Flori] 1930[] corrected Hooker and Endlicher by taking up the earlier epithet uvifera and at 
the same time separated this taxon from Libocedrus and placed it in a new genus Pilgerodendron . 
This was accepted by L{] 19531] in his reclassification of Libocedrus s.l. as a monospecific genus[] 
a treatment which has since been accepted by numerous authors on the basis of several distinct mor- 
phological characters. 

Gadek et al.[] 2000[] conducted a phylogenetic analysis of Cupressaceae. They found a clade 
with the following taxaL] Libocedrus plumosdl D. Don[] Sargent] L. yateensis Guillaumin] P. wv- 
iferum[] in which L. yateensis appeared to be more closely related to Pilgerodendron than it is to the 
other species of Libocedrus . This was the result of an analysis of combined mat K plus non-molecular 
data and there was > 90% bootstrap support for this topology. Analysis of the matK gene alone 
gave similar results. These results have cast doubts on the validity of the recognition of this taxon in 
its own genus. It is therefore necessary to investigate the evidence carefully[] both for and against a 
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separate status of P. uviferum. Thus[] we here discuss the morphological characters which were 
used by earlier authors[] e. g. [ Florid] 1930] 193100 LO 195300 Pagd] 19901] Farjon] 20040 
and others who have upheld its separate status. We will also critically look at the non-molecular 
characters used by Gadek et al [] 2000[] to see if they have included those that were found to be di- 
agnostic by the earlier authors[] and discuss the topology of their cladogram. 

In order to discover additional morphological characters that may be informativell we have also 
investigated the leaf cuticles of three species from three genera that were formerly classified in Libo- 
cedrus s.l. and the genus Austrocedrud] see Table 11]. These taxa formed a well-supported clade in 
a phylogenetic analysis of Cupressaceae based on morphology by Xiang and Farjorl] 2003[] and Far- 
jor] 2004[]. The characters found will be presented and used in the discussion about relationships. 


1 Material and Methods 


Fresh foliage of Austrocedrus chilensis[] Libocedrus plumosa and Pilgerodendron uviferum were 
collected in August 2001 from the Royal Botanic Gardens[] Kew. The leaves of Papuacedrus papua- 
na were taken from herbarium specimen. Each species of the four related genera was investigated. 
Information on the species[] including namell source and geographic distribution[] is presented in 
Table 1. Leaves were taken from comparable portions of the shoot in terms of morphology and stage 
of foliage development in the different species. Leaves were macerated in Jeffrey” s Solution at room 
temperature for about 24 h. Isolated cuticles were washed thoroughly in water and dehydrated in a 
series of 50%[] 75 %[] 95% and 100% ethanol and mounted on stubs with double-sided adhesive 
tape. Stubs were sputter-coated with gold-palladium for three minutes using a Polaron sputter coater 
and examined on a Hitachi S-2400 scanning electron microscopé] SEML] at 18 kV and a standard tilt 
of 30°. 

Thirteen features of the leaf cuticle were used to construct the character matrix for similarity 
analysis of four species of four related genera in Cupressacea¢] Tables 21] 30]. The analyses were run 


using PAUP[] Swofford[] 1999[]. Clustering was achieved using UPGMA. 


Table 1 Name] source and distribution of plant materials 





Species Source Geographic distribution 
Austrocedrus chilensil] D. Donll Pic. Serm. & Bizzarri Kew Gardens[] Acc. No. 1956-48702 South America 
Libocedrus plumosd] D. Don[] Sargent Kew Gardens[] Acc. No. 1990-8108 New Zealand 
Papuacedrus papuand] F. Mueller] H. L. Li T. G. Hartley 12912 in Kew Herbarium New Guinea 
Pilgerodendron uviferurl] D. Don[] Florin Kew Gardens[] Acc. No. 1988-3603 South America 


2 Results 


2.1 The micro-morphology of the leaf cuticle 
2.1.1 Austrocedrus chilensisi) Figs. 141] 160 180 200 

Adaxial cuticlell internal surfacel] Flanges are shallow and frequently interrupted. The edges of 
the flanges are coarsely granular. The sculpture of the periclinal surface of epidermal cells is coarse- 
ly granular. 

Adaxial cuticle[] external surfacel] The Florin ring has a low ridge and is lobed[] uninterruptedl] 
and without a peripheral groove. 

Abaxial cuticles internal surface[] The characters are similar to those of adaxial cuticle internal 
surface except flanges are stronger than those of adaxial cuticle. 
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Table 2 Characters and character states of leaf cuticles of four species of the tribe Libocedread] Cupressaceael] 


. Abaxial stomatd] absent = O[ present = 10 

. Florin ring] absent = 0[] present = 10 

. Papillae in stomatal area] absent = O[ present = 10] 

. Pits in the outer surface of non-stomatal aread] absent = OL] present = 10 

. Sculpture of anticlinal flange apex of non-stomatal cells on the abaxial sidd] coarsely granular = OL] finely granular = 10 
. anticlinal flange depth of non-stomatal cells on the abaxial sidd] shallow = O[] deep = 10 

. Continuity of flange of non-stomatal cells on the adaxial sidd] continuous = OL] interrupted = 10] 


. Sculpture of periclinal surface of non-stomatal cells on the abaxial sidd] coarsely granular = O[ finely granular = 10 


OMANI Lu BE L LO — 





. Sculpture of periclinal surface of non-stomatal cells on the adaxial sidd] coarsely granular = O[ finely granular = 19] 


— 
o 


. Sculpture of periclinal surface of subsidiary cell{] coarsely granular = OL] finely granular = 10 


= 
e 


. Crystal tubercles on the periclinal surface of non-stomatal cell{] absent = O[] present = 10 


= 
N 


. Pits in the periclinal surface of subsidiary cell{] absent = O[] present = 10] 


= 
w 


. Slots in the periclinal surface of subsidiary celld] absent = OL] present = 10 


Table 3 Character state values of 13 characters for four species of Cupressaceae used in a similarity analysis 








f Character * 
Species 
1 2 3 4 5 6 7 8 9 10 11 12 13 
Austrocedrus chilensis 0 1 0 0 0 0 1 0 1 1 0 0 1 
Papuacedrus papuana 1 1 0 0 0 0 1 0 1 1 0 1 0 
Pilgerodendron uviferum 0 0 0 1 1 1 0 0 0 1 1 0 1 
Libocedrus plumosa 0 1 1 1 1 1 0 0 0 1 1 0 1 


* Characters 1 — 13 are the same as stated in Table 1. 


Abaxial cuticle[] external surface[] The Florin ring has an intermediate elevation[] but it is not 
obvious like Libocedrus plumosa’ s and is lobed[] uninterrupted[] with an even groove. Papillae are 
associated with stomata. 

2.1.2 Libocedrus plumosdi) Figs. 20 60 11 — 130 150 170 190 

Adaxial cuticlell internal surfacell There are crystal tubercles in the periclinal surface of epider- 
mal cells. The crystal tubercles are embedded in a coarsely granular surface. The sculpture of the 
crystal tubercles is finely granular compared with that of other parts of the epidermal cells. 

Adaxial cuticlelJ external surfacel] no SEM image was available for observation. 

Abaxial cuticle[] internal surfacell The stomata form two bands along the margin of the leaf and 
the epidermal cells between them are rectangular J elongate along the long axis of the leaf. There are 
pits or furrows in the periclinal surface of subsidiary cells. There are crystal tubercles) pointed out 
by arrowhead in Fig. 19[] in the periclinal surface of epidermal cells in non-stomata areas. 

Abaxial cuticlel] external surface[] The Florin ring has an intermediate elevation[] and is lobed[] 
uninterrupted[] with a peripheral groove. Papillae are associated with stomata. 

2.1.3 Papuacedrus papuand Figs. 30 70 80 100 

Adaxial cuticlell internal surface[] The flanges are shallow. The edges of the flanges are coarse- 
ly granular. The sculpture of the periclinal surface is coarsely granular. There are large pits along 
the flanges of subsidiary cells. Crystal tubercles are absent. 

Adaxial surfacel] external surfacell The stomata are scattered near edges of leaves[] the Florin 
rings are prominent. The outlines of the epidermal cells are not clear. Pitd] pointed out by arrow- 
head in Fig. 7[] are concentrated in stomatal areas. 

Abaxial cuticlel] internal surfacell The flanges are shallow and straight. The stomata are 
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Figs. 1-6. Characters of the external surfacd] 1 — 4[] and the internal surfacd] 50 60 of leaf cuticles in Pilgerodendron uviferum 

O 1040500 Papuacedrus papuand] 31 and Libocedrus plumosd] 2060. 1. Stomata without a Florin ring. 2[]3. Stomata with Florin 
rings. 4. Non-stomatal outer surface with small pits in the epidermal cells. 5. Stomatal region with finely granular epidermal and sub- 
sidiary cells. 6. Stomatal region with coarsely granular epidermal and finely granular subsidiary cells. 


distributed in the middle part of the leaf. The boundary of the subsidiary cells is not distinct. There 
are some pits in the periclinal surface of subsidiary cells. The sculpture of the periclinal surface of 


subsidiary cells is finely granular compared with that of cells of the non-stomatal zone. Crystal tuber- 
cles are absent. 
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Figs. 7-12. Characters of the internal surface of leaf cuticles in Papuacedrus papuand] 71 80 10001 Pilgerodendron uviferuml] 90 
and Libocedrus plumosd] 110120. 7. Stomatal region of the adaxial surface[] with large pits. 8. Stomatal region on the abaxial sur- 
face. 9. Non-stomatal region[] with crystal tubercles in cells with steep flanges. 10. Non-stomatal region[] with shallow flanges and ab- 
sence of tubercles. 11. Non-stomatal region[] with steep flanges and coarsely granular surface. 12. Non-stomatal region[] with crystal 
tubercles embedded in coarsely granular surface. 


Abaxial cuticlel] external surfacell In the stomatal areas[] the Florin rings are prominent and 
steep sided. The periclinal surfaces of the guard cells are very smooth. The outlines of the epidermal 
cells are not clear. Pits on the surface of epidermal cells and papillae are absent. 
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2.1.4 Pilgerodendron uviferuml] Figs. 10 40 50 90 

The characters of the abaxial side and the adaxial side of the leaves are similar. 

Abaxial cuticlel] internal surfacell stomata areas[] Generally there are four or five subsidiary 
cells to each stoma. Usually subsidiary cells are shared. The subsidiary cells are polygonal[] they are 
arranged radially and do not form a circle or ellipse. There are deep furrows in the periclinal surface 
of the subsidiary cells. The edge of the flange of subsidiary cells is thin and serrated. Crystal tuber- 
cles are absent in subsidiary cells. The sculpture on the periclinal surface of subsidiary cells is fine- 
ly granular compared with that of cells of the non-stomatal zone. 

Non-stomata areas[] The sculpture on the periclinal surface of subsidiary cells is coarsely granu- 
lar. The flanges are medium thick and straight. The edge of the flange is round and smooth. Crystal 
tubercled ] pointed out by arrowhead in Fig. 9[] are present in non-stomata areas near the leaf margin 
but absent in other areas. 

Abaxial cuticle[] external surfacel] Because of the heavy waxl] the outlines of the epidermal cells 
are not clear. Only the stomatal pits were observed. There are no Florin ring papillae around the 
stomatal slotd] pointed out by arrowhead in Fig. 50. 

2.2 Comparison of Pilgerodendron uviferum 
with some of its nearest relatives 

In Table 2[] 13 epidermal characters and 
their states are listed and in Table 3 the character 


Results Austrocedrus chilensis 


states for Pilgerodendron uviferum and three relat- Papuacedrus papuana 


ed taxa are presented. The UPGMA diagram 
L] Fig. 211] shows two clusters on the basis of these 
datall one containing Austrocedrus chilensis and Pilgerodendron uviferum 


Papuacedrus papuanal] the other with Libocedrus 





plumosa and Pilgerodendron uviferum. A Florin 

ring is present in all taxa except Pilgerodendron f 

. . I Libocedrus plumosa 

uviferum . The latter taxon also differs from Libo- 0.1 

cedrus plumosa in the absence of papillae in the 

stomatal areas[] but in all other characters it is Fig. 21. POMA diagram showing clustering and simi- 

similar. In Libocedrus plumosa[] surface promi- larity distances among four species of Cupressaceae based on 
: : 13 leaf cuticle characters. 

nences occur. The surface sculpture is conspicu- 

ously smoother or finer on the prominences than on the general periclinal surface. This character has 

not been included in the data matrix as it was difficult to code as a presence/absence character. The 

differences between Pilgerodendron and the two genera Austrocedrus and Papuacedrus are more nu- 


merousll as expressed in the UPGMA diagram. 


3 Discussion 


The leaf cuticles of conifers provide useful taxonomic characterd] e.g. Florin[] 1931[] Stacell 
19651] OladelelJ 1983a[] bO Hull] 19861] Xiang & Full 1998[ that can indicate phylogenetic relation- 
ships. However[] the complexity of morphological evolution makes it highly unlikely that such a 





w= 


Figs. 13-20. Characters of the external surfacd] 13 — 17[] and the internal surfacd] 18 — 20[] of cuticles in Libocedrus plumosa 
El 130 150 170 190 and Austrocedrus chilensid) 140 160 180 200. 130 140 17. Stomata with Florin rings. 15[] 16. Non-stomatal 

outer surface with small pits in the epidermal cell. 18. Stomatal region with coarsely granular epidermal and subsidiary cells. 19. 

Non-stomatal region[] with crystal tubercles in cells. 20. Non-stomatal region[] with shallow flanges and absence of tubercles. 
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limited set of characters would constitute reliable evidence on its own. When put to the testll analy- 
sis of other sets of data may give incongruent results. A” total evidence” approach[] while unachiev- 
able in a literal sensel] is still the only one that gives results that are more robust and will provide a 
more probable hypothesis of phylogenetic relationships. The approach taken by Gadel et al [] 20000 
would seem a step in this direction as they have combined molecular data with morphologicall" non- 
molecular Ll data. Howeverl] many if not most of these’ nonmolecular” characters used in their anal- 
ysis are not informative among the closely related taxa here analysed. Their characters 4 — J] wood 
anatomyll and 14 — 18] leaf anatomyL] are in this categor{] see also Quinn & Gadek[] 1988[]. Other 
characters they used are missing in all taxa relevant to this paper and therefore uninformative. The 
morphological characters that do separate Pilgerodendron from Libocedrus were not included in their 
character set. The use of secondary chemistril leaf terpenes etc. Ll as taxonomic characters is at best 
controversial. The molecular data that support inclusion of Pilgerodendron in Libocedrus are from a 
single genell matR and such limited data are increasingly considered insufficient and unreliable as 
well] Crawford[] 20001]. From such data it is premature to conclude that Pilgerodendron is a species 
of Libocedrus . 

There are other than cuticular morphological characters that separate Pilgerodendron from Libo- 
cedrus[] e. g. [] leaf dimorphism and distribution of stomata on leaf surfaces[] as well as the number of 
microsporangia per microsporophyll[] which is much higher in Pilgerodendron. A morphological 
analysid] Farjon[] 2004[] using 53 characters of Cupressaceae indicated that Pilgerodendron could be 
more closely related to Papuacedrus than to Libocedrus. With such conflicting resultsL] a merger of 
these taxa is at least premature and in fact unhelpful to a better understanding of true relationships. 
The enormous geographical disjunction between them was a major argument for LE] 1953[] to split the 
component parts of Libocedrus s.l. Geography should not determine taxonomy. However[] with the 
knowledge that we now have about the long history of the break-up of Gondwana and the consequent 
separation of these taxd] if they once formed an ancestral unityl Ll which did not get where they are 
by dispersall] makes taxonomic separation more likely. We prefer to treat Pilgerodendron as a genus 
separate from Libocedrus[] two Gondwanan conifers of ancient common ancestry now separated by the 


expanses of the southern ocean. 
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